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INTRODUCTION AND REVIEW OF THE LITERATURE 
Thioacetamide is a weak carcinogen that causes unusually 
drronatic changes in cells immediately after the beginning of 
treatment. In rats treated with thioacetamide, the parenchymal 
cells of the liver undergo rapid nuclear enlargement, develop 
cytoplasmic inclusions, and show hypertrophy of the nucleolus 
(Salomon et al., 1962). 
Laird (1953) found that during the first four days of 
feeding thioacetamide the average cell dropped to two-thirds 
of its normal weight, and that there was a slight increase in 
cell number. Food consumption was low during this period. 
During the next few days the average cell weight increased 
rapidly (food consumption was improving) reaching and remain­
ing at a normal level from the eleventh to the seventeenth 
day. Between the seventeenth and twenty-eighth days extensive 
cell proliferation resulted in a doubling in the number of 
cells in the average liver, and a reduction in the cell size 
until the cell weight was approximately one-half of the 
normal weight. 
VOlumetric studies by Kleinfeld and Koulish (1964), 
with regard to rat liver cells, indicated that the nucleus 
increased t\'JO-fold, the nucleolus increased fourteen-fold, 
and the cytoplasmic volume increased by only 20 per cent. 
Upon attempti~g to ascertain whether changes in the 
nuclear volume of the rat cells were due to polyploidY or to 
Q 
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an increase of non-chromosomal components, Laird (1953) found 
that the amount of nuclear DNA remained constant upon treat­
ment with thioacetamide whereas a definite change occurred in 
the amount of RNA and protein present. Although a good deal 
of research has been done on RNA variation in the nucleus, 
little has been done with nuclear protein. This thesis was 
designed to determine what, if any, changes occur in soluble 
liver cell proteins of rats exposed to thioacetamide. 
During the first four days of Laird's experiment the 
cytoplasmic RNA decreased (excluding that in the supernatant) 
whereas nuclear RNA increased. Days four through seventeen 
showed an increase in cytoplasmic RNA (most notable in the 
supernatant fluid fraction) with the nuclear RNA reaching its 
maximal value on the eleventh day, at which time it was 3.5 
times the corresponding control value. After twenty-eight 
days of treatment cytoplasmic RNA was at its lowest level, 
and although nuclear values were reduced below maximum quan­
tities they remained distinctly higher than the control values. 
Kleinfeld and Koulish (1964) found that under condi­
tions of thioacetamide-stimulated RNA synthesis, the nuclear­
nucleolar RNA turnover in the rat was, in part, independent 
of the cytoplasm. The thioaceta~mide-stimulated nucleus 
increased three-fold in RNA turnover (labeled with cytidine H)), 
the nucleolus increased thirty-fold in RNA turnover, and the 
cytoplasm displayed a turnover equal to that in the control. 
rrhe contrast between stimulated RNA turnover in the nucleus 
3 
and in the nucleolus compared to a normal turnover in the 
cytoplasm, suggests that the nuclear-nucleolar loss of label 
does not represent exclusive passage of formed nuclear RNA to 
the cytoplasm. 
In 1965 Kleinfeld found that after incorporation of 
cytidine H3 into the nucleolus of the rat liver the ratio of 
peak nucleolar radioactivi ty (at ft ve hours) to the leveling 
off value (fifteen to eighteen hours) was about 311. Thus, 
not only are increased amounts of nucleolar RNA being synthe­
sized but increased amounts are being lost from the nucleolus. 
Busch and Adams (1965) discovered a marked change in 
nuclear i-RNA (RNA released into the aqueous phase by phenol 
in a fifteen minute incubation at 65°C) and residual RNA (RNA 
not released into the aqueous phase by phenol at 65°C) from 
rat liver cells treated with thioacetamide. In these miA 
fractions there was a definite increase in the content of 
guanine and cytosine and a decrease in adenine and uracil. 
Since ribosomal RNA is rich in guanine and cytosine it would 
seem that nuclear increase reflects a decreased transport of 
the ribosomal RNA or an increased formation of it. Increased 
forrnation is indicated by an increase in total amount of this 
RNA and total uptake of isotope into nucleolar fractions. 
Evidence for increase in nucleolus activi ty comes from studies 
showing an increased RNA polymerase activity in nucleoli. 
Since increased biosynthesis of nucleolar RNA is correlated 
with decreased cytoplasmic ribosomes and the nucleolus has 
...• ~ 
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been implicated as the ribosomal Source, it seems there is an 
increased destruction of the RNA biosynthesized in the nucleo­
a s it proceeds through the nucleuslus to the cytoplasm. 
Nucleolar formation of RNA and destruction of this RNA 
in the nucleus are fairly evident at this time. However very 
little is known about how thioacetamide affects the proteins 
of the nucleus. Laird (1953) found that by the fourth day of 
thioacetamide treatment cytoplasmic constituents were de­
creasing whereas nuclear proteins were increasing in quantity. 
Days four through seventeen Showed protein increase in both 
the cytoplasm and nucleus. Nuclear proteins reached their 
maximum value on the eleventh day and were 2.5 times the con­
trol values. By the twenty-eighth day cytoplasmic proteins 
were lower than they had ever been and although nuclear pro­
teins had dropped in quantity they were still higher than the 
controls. 
Hafner (1967) investigated protein variations in thio­
acetamide-affected rat liver cells. Since nuclei which have 
been isolated in aqueous medium lose some loosely-bo~~d water 
soluble proteins (Chaveau, Maule, and Rouiller, 1959) he chose 
to isolate the nuclei with a nonaqueous freeze-dry technique 
(Swanson et al., 1970). Hafner found distinct differences in 
the basic protein patterns and lesser variations in the acidic 
lOvers In the1 t ·protein patterns of nonnal and neop as lC 1 • 
. . ' t d of an increase of twobatHe protein patterns th18 canS1S e· ~. _L 
. . .. i t·· s were in the controlsproteln components (flve bas c pro eln . 
..~ 
~, • 
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and seven were in the experimentals). FOf1 teen experimental 
and fifteen no~nal rats were used with five months of treat­
ment. Time lapse in the experiment was to long for any 
analysis of progressive protein changes, and electrophoretic 
resuLts on protein variation were to erratic for drawing 
any definite conclusion on specific linear changes. 
In 1968 Meyer (personal communication) tried to alle­
viate the time lapse problem by sacrificing rats after 4, 14, 
30, and 60 days. Although he used the same nucleus sepera­
tion technique Hafner had used, Meyer had difficulty getting 
pure samples of nuclei. By using whole cell proteins he found 
that acidic proteins were more heavily concentrated than basic 
proteins (viSUal observation). Also it was noted that basic 
proteins had increased in quantity during the first four days 
and then showed a quantity decrease at eve~J following exfu~-
ination date. Acidic proteins were found to increase con­
stantly in quantity until the sixtieth day at which time a 
normal amount of protein was recorded. 
The method by which thioacetamide causes nuclear varia­
tion is m1known, but studies with thioacetamide-35S have 
shown that instead of binding with proteins or alkylating 
nucl ei acids, the compound is rapidly broken down since no 
increase in radioactivity is found in livers of rats fed 
thioacetamide 358 (Nygaard, Eldjarn, and Nakken, 1954; Maloof 
and Sood~{, 1961). Rees, Rowland and Varcoe (1966) studied 
the metabolism of thioacetamide wi th 3H on the methyl group 
4 ....~ f~; 
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and found that the carcinogen is metabolized in twenty-four 
hours through the liver and the kidneys. The liver was three 
times as active as the kidneys in converting the thioacetamide 
to acetamide. Rees et al., (1966) believed that this step 
waS preliminary to the toxic and carcinogenic effects of 
thioacetamide in the liver. 
This research project is designed to present an insight 
into what actually happened to the nuclear proteins of rat 
liver cells after they were treated with thioacetamide. The 
experiments were planned to deal with fewer proteins, a simpler 
and more dependable method for nuclear isolation, and a shorter 
time period, in order to avoid the problems encountered by 
previous workers. 
MEYrlODS ~fD MATERIALS 
Thirty Sprague-Dawley rats, ranging in size from 200 
to 550 grams, were obtained from the Iowa State University 
't' I b (A S Io"a) Pl've '''er·.e m.ales, twenty-fivenut r1 lona nme, ~. ~ . 
females. Throughout the experiment the rats were maintained 
on a diet of Purina lab chow, with an ample supply of water. 
Daily injections of thioacetamide in isotonic Na Cl 
(6 mg/200 grwns rat) were given subcutaneously to twenty-five 
rats. Five control rats, which had been randomly selected, 
I , al ne Rats were killedreceived injections of the sa 1ne .. 0 .••• 
4 6 8 and iO.between 8 ANi and 9 AI\!1 on days 2, , , L, 
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Rats were anaesthetized with medical ether and then 
decapi tated. Upon removal all livers were weighed and liver 
volumes were deterrnined. Nuclei were isolated using a 
slightly modified version of a technique developed by Bloebel 
and Potter (1966). Livers were placed in a cold Dounce homo­
genizer (Kontes Glass Company. Vineland. New Jersey) along 
wi th two volumes of .25 M sucrose in TKM (.05 I'll Tris HCI, .025 M 
KCI, .005 Mg C12 ). Then the liver was homogenized with ten 
strokes of a plunger with a 156 micron clearance. This brei 
was thoroughly mixed with n¥o volumes of 2.3 M sucrose in TIUfl. 
Twenty ml of the final brei was placed in an ultra­
centrifuge tube and 2.3 M sucrose in T'KIVl was layered under the 
brei with a long needled syringe. The tube was then placed 
in the head (F 50.1 fixed angle aluminum) of a Beckman L340 
centrifuge and run at 12), aOOG for forty-five minutes. 
Following centrifugation the nuclei were concentrated at the 
bottom of the tube in a pellet; sucrose and debris were 
aspirated off. The inside of the tube was clea..ned with 
tissue paper. Five ml of .01 M Tris Hel buffer solution 
(pH 7.5) was added to the nuclei. The sample was sha..1{en once 
and refrigerated for six hours. At this time tIle sample was 
examined vii th a phase contrast microscope. Then the sample 
was recentrifuged at J, OOGa and the protein sample (wi thin 
the supernatant) was poured into a separate tube and refrig­
erated until use (two to twenty-four hours later). VI tra­
violet absorbance of the protein sample at 260 run and 280 nm 
.,~ 
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waS determined with a Beckma1 DB spectrophotometer. By using• n 
the following formula protein concentrations for the samples 
could be d.etermined. 
Protein cone. (mg/ml)=F x l/d x optical density at 280 mr 
where d is the cuvette width (em) and F is the ratio 
of the samples optical densities at 260 mr and 280 mr. 
Protein smnples were$udied by disc gel electrophoresis. 
. ,	 The procedure recommended. by Tiselius, Stellan, and Jerstedt 
(1965) was used with a few modifications. Gels were prepared 
by mixing the listed solutions in the following proportions. 
Solution A - 1 part, Solution B-2 parts, deionized water ­
1 part, catalyst - 4 parts. 
Chemical makeup of the solutions are as follows I 
Solution! - (1) 4.8 grams Tris/100 ml deionized water (2) 
.12 ml lmed/100 ml deionized water ()) titrated with Hel to a 
pH of 7.5, Solution B - (1) 28 grams acrylamide/l00 ml deion­
ized water (2) .735 mg Bis (3) water to total 100 ml, catalyst ­
.14 grmn ammonium nersulfate/l00 ml deionized water, Buffer ­
.1 M Tris at a pH of 7.5. 
The electrophoretic apparatus used in the study was a 
A standardCanalco del 6 bath, with a Gelman power source. 
. r'un' be's;:".a"n "",' tho th';rty. minutes of n clearinge1 ecrophoretlct :::,' ,u ...­
current" at five milliamps/tube. '1'hen the power source was 
turned off and .2ee of protein solution with .1 gram of SliC­
de.nq.-~t'r) "'a.s. carefully layered on
rOSe ( for increasing tl~e ~~ ..1 J 
c:; em diameter	 - 6 em 
top of eaeh gel tube (7 em in leng;t11, '.J 
~--------J
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is filled with gel and 1 em is left empty so the protein can 
settle in). Electrophoresis at 2.5 milliamps/tUbe was main­
tained for 45 minutes. At this time the voltage was increased 
to five millironps/tube for five hours and fifteen minutes. 
Upon completion of the run, gels were loosened from the 
gel tube by squirting cold buffer around them with a fine 
needled syringe, and they were removed. The gels were then 
dyed with Buffalo Black (.25 grams/lOa ml of 7% trichloro­
acetic acid) for six hours. The same dyes were reused for all 
gels. After dying, the gels were destained with 7% acetic acid 
by allowing them to soak overnight in 200 ml of the solution. 
Stained gels were then observed by two different methods 
visually and by one method mechanically. The first visual 
observation consisted of a complete count of the protein bands 
on each of the readable gels. Averages were determined for 
the number of protein bands in each sample of nuclei (three 
gels were made for each sample) and the averages were calcu­
lated for all the rats in one killing period. The second 
observation was made by measuring off a one inch block of 
gel, dividi~3 this block into .25 inch sections, and counting 
the number of bands in each of the parts. In this manner 
slow and fast bands could be compared more readily. 
r,iechanical observations were made with a Gelscan Auto-
Co.,matic Recordl.ng and Integrating SCaI1.l1er (Gelman Instrument 
Ann Arbor, MichiGan) which was preset at the followim1 
read ; filter _ red, slit width - J nun, slit length - • 
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Al though it was impractical to try to determine the number of 
bands present from the scans (the bands were so close together 
at times that the scanner would miss one which could be 
visually observed), the proportional quantity of protein 
present could be determined. Graphical heights were deter­
mined at the starting point of the gels and at 3, 6, and 9 
centimeters respectively. Proportions were then determined 
for the starting point (first peak) as compared to the other 
three distances. These proportional representations of protein 
were then averaged for each duration of treatment at each of 
the three distances. These averages were then graphed to show 
the quanti tative changes in both the slow and fast proteins 
throughout the experimental period. 
DATA AND DISCUSSION 
The rats used in this experiment were observed daily. 
A general decrease in weight v{as found in occur followir'~ in­
.i ections. The controls showed an average weight decrease of 
only 15 grams wi th no particular pattern being apparent in 
the decrease. The experimentals showed weight losses of 10, 
19, 56, 68, and 121 grmns for each of the four killi~~ periods 
re ectively. Some experimental rats lost hair around the 
injection area, and two experimental rats developed cases of 
diarrhea. 
Although liver size remained fairly constant (average 
weir~h·t - 10.2 grams/rat) visual observation of nuclear pellet 
11 
size indicated a definite decrease in the second, third, 
fourth, and fifth killing periods. Nuclei and nucleoli were 
also observed with the phase contrast microscope, and it was 
noted that the typical thioacetamide poisoning symptoms 
(Rather, 1951; Kleinfeld, 1957) were present. The nuclei and 
nucleoli had increased in size and the nuclei contained some 
dark granules. All samples obtained seemed to be free of 
debris. 
Spectrophotometer readings were made to determine the 
protein concentration of each sample obtained. These concen­
trations were found to average 3.4 mg/ml and had a range of 
1.3 to 6.5 mg/ml. Generally there was little change in protein 
concentration throughout the experiment, and there were no 
patterns in the minor fluctuations which had occurred. 
TVIO types of visual observations were made. First each 
ge1 was checked for total protein bands and the averages were 
cal culated for each killing period (Table 1). Results from 
this seemed to indicate that very little change, if any, 
occurred in the number of proteins present in the treated 
nuclei. Second, visual observations were made to compare 
slow and fast bands readily (Table 2); there was little varia­
tion in the number of proteins in either group. 
Dyed proteins showed readily in all but the last group 
of ~e18 (fifth lcilling period). Due to the reusing of dye 
this final run produced gels \...rhich were poorly stained and 
consequently inadt'!quHte for analysis. Because of this, the 
12 
sam.ple 
amide. 
rfABLE 1. Average number of protein bands per nuclear 
(one sample per rat) from rats treated with thioacet­
Days of Sample Sample Sample Sample Sample Average
'l'reatment 1 2 3 4 5 
0 10 10.7 10.5 12 10.8 
2 12 11 9.5 10 10 10.5 
4 11 13 11.5 11.3 12 11.8 
6 13 13 11.5 11 11.5 12 
8 13 12 10.5 10 12 11.5 
'rABLE 2. Number of protein bands per section (four 
quarter inch sections comprising a one inch block) gel 
containing electrophoretic separations of nuclear protein 
from livers of rats treated with thioacetamide. 
Days of Section Sample Sample Sample Sample Sample 
'I'reai;ment of Gel 1 2 J 4 5~ 
o first 6 5 5 * 
second :3 J J 
thi 2 2 :3 
fourth 2 1 2 
2 first 6 6 '* 7 
second 2 J J 
third 2 J 2 
fourth 2 2 2 
first 5 8 5 5 
second J :3 5 :3 1third J 1 1 
2fourth 1 a 1 
first 4 .., {c' 5
second }+ :3 2 
G 1third :3 2 '" 
2 2 1 o 
8 first 7 4 5 
2second 1 11 J o11 1 1 
------------
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data covers only a nine-day period. Positively charged pro­
teins are not included in the data since they usually moved as 
one diffuse band when separations were attempted. Occasionally 
bands of proteins seemed to be separated from this block. How­
ever, this was so erratic that valid conclusions could not be 
drawn. 
As a final test for protein variation, all unbroken 
gels were mechanically scanned. Quantity of protein at anyone 
point on the graph was evaluated and proportional averages for 
each killing period, at each of the three distances on the 
graph, were detennined (Table 3). These averages were then 
graphed to show the quantitative changes in the fast, moder­
ately fast, and moderately slow proteins (Figure 1). 
The quantity of fast proteins (nine em readings) in­
creased after the first injection, were at the same level on 
the sixth day, and then decreased im~ensely by the eighth 
day. ].joderatel
.....
V 
..L: emfast nroteins (six readings) initially 
increased, dropped a slight amount on the fourth and sixth 
days, and dropped a great deal by the eighth day. 'The moder­
ately slow proteins increased at first, increased slightly 
more on the fourth d ,decreased a Iittle on the sixth day, 
and drastically dropped on the final day. The qUffiltity of 
veri slow proteins increased constantly. 
Al though defini to changes in the number of protein 
bands present were hard to ascertain due to the closeness of 
the band s and the q tmnti ty 0 f bands present t evidence of 
=
 
---------
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TABLE 3. Proportional comparison of protein concentra­
tions (nuclear liver proteins isolated from rats treated with 
thioacetamide) at four distances of electrophoretic migration. 
Proportions determined by measuring graphical heights at the 
starting point ~nd at three chosen distances and then comparing 
the starting pOlnt to the other three heights. 
Graphical distance Proportions for Experimental Rats and Controls 
from Origin ( cm) Days of Treatment 
0 2 4 6 8 
2.2 1.9 1.6 2.1 4.73 
6 2.4 2.1 2.2 2.1 4.3 
9 5.4 5.4 3.3 3.3 7.7 .. ~. 
~p. 
",£-.­
15
 
8
 
7 
6 
5 
4 
Protein 
Proportions 
3 
2 
1 
3 6 9 
Distances at which Readings were made on the Graph (em) 
FIGURE 1. Proportional comparison of protein concentra­
tions (nuclear liver proteins isolated from rats treated with 
thioacetamide ) at four distances of electrophoretic migration¥ 
Key indicates number of days of thioacetamide treatment per group 
of rats. (1)- _. _. - - zero days (2)-·---two days 
(3)-----------four days (4)--- ---six days 
(5) eight days 
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nroportional quantitative changes was defl'n' ~ F ~ l~e. ast proteins 
seemed to increase initially a great deal and then drop off 
rapidly after six or seven injections. Moderately fast pro­
teins were fairly high in quantity to start with, increased 
slightly, and then dropped off after six or seven injections. 
Moderately slow proteins were very high to begin with, in­
creased even more, and then rapidly declined around the sixth 
or seventh day of injection. These proportional changes 
coupled with the knowledge that the protein concentration 
remains constant, show that the very slow (or non-moving) pro­
teins seem to be increasing in quantity, while the fast, 
moderately fast, and moderately slow proteins decrease in 
quantity. 
Although general microscopic observation agree with 
results reported in previous literature (Rather, 1951) this 
experiment showed definite variation from Laird's data (1953) 
on the total weight pattern of rats treated with thioacetamide. 
Laird noted that after the fourth day of injection (with 
amounts of thioacetamide equal to those used in this experi­
ment) the rats started to approach a normal weight level. 
Ifieyer (personal communication) also found a constant weight 
gain. This research has shovm the weight loss to increase con­
sistently through the tenth day of treatment. This is perhaps 
due to differences in rat ages. All of Laird I sand !\i.eyer's 
rats weighed about 200 e;rams f were probably younger than those 
u l' d \'1DI~e' in a neriod of growth rathersea In this experiment, an ~'v 
t11'c'l.n o.f. 8 ' . l' , orse.10 'c' _ 'taDll~Y 
--------zu
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Protein concentrations were also found t d' 
a 1ffer from 
those recorded by Laird. Spectrophotometer readings showed 
relatively consistent concentrations of protein in this 
experiment. Laird (1953) had observed an early increase in 
protein quantity and then a slow decrease in amount u..i1til the 
twenty-eighth day when it was normal again. One possible 
reason for this might be that, since the data collection 
started on the second day of this project, the initial increase 
in protein concentration was not observed. The consistency in 
protein level for the remaining period of time is very possibly 
due to the rapid and consistent decrease in the weight of the 
experimental rats. This might be expected since starved 
animals fed on a low protein diet often show an increase in 
nucleolar 8i ze which has been sho\'.rn to be caused by an increase 
in RNA and protein synthesis (Stenram, 1958; Kleinfeld, 1966). 
Another reason for the variation in data might be that the 
proteins were analyzed differently in the h,o experiments. 
Whereas Laird (1953) analyzed for protein by a nesslerization 
method which involved using whole cell nuclei this experiment 
used a Tris buffer solution to draw proteins from the nuclei 
Thusand then the sample VIas analyzed with electrophoresis. 
the quantity of easily extractable protein remained constant. 
. ·'1' , along'" vrith the nuclearTotal nuclear proteIn probably nee 1nea .. ""'-' '. -­
tOl' ofDcl1e-t-
.". LJc~l' z·J e·.. - 6' tl'his would indicate that a greater propor 10.L -'. ...... .. 
. f rom +he nuclei ofnUclear protein can be easily extractea " .. 
treated 
--------
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In analyzing the number of different proteins present 
lOn the normal and experimental rats, J.°t was found that a. 
l arger variety of proteins was present th h d 
. an a been expected. 
Hafner (1967) had noted five separate proteins in the controls 
and seven in the experimentals. Due to the fact that he was 
observing the total number of proteins in nuclei, isolated by 
a non-aqueous method that would not allow loss of proteins, it 
was anticipated that fewer protein types would be obtained 
with the particular aqueous nuclear isolation technique used 
here. In this case, however, an average of 11 proteins were 
found in each sample of rat nuclei. The minimal number of bands 
counted was nine and the maximum was fourteen (counts being 
made by visually observing each gel). Hafner's isolation pro­
cedures produced much smaller samples of cell nuclei which 
might account for the difference, since components in low con­
centration might not have been detected. 
Upon studyil1g Figure 1, one can see that significant 
changes in protein pattern occurred between days zero and two 
and between days six and eight. Days zero through two showed 
an initial increase in the proportions of fast, moderately 
fast, and moderately slo"l proteins, whereas days six through 
eight showed a rapid decrease in all of these proportions and 
° n+ This in-an increase in the amount of slow prote1l'lS prese _<Ie 
dicates that more study of protein change should be centered 
~llo.rt·er time Deriods wOlud 
0around these time periods. Perhaps 
'11 ,.'n rr··otein concentration.1 ustrate more clearly any changes",- ¥ 
-------- -..
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Also better separation of proteins during electrophoresis 
would be helpful. Better separation could be obtained by 
allowing the electrophoretic runs to last long b 
er or Y vary­
ing the ingredients in the gel so larger proteins can pass 
through it more readily. 
It is apparent from these variations in protein patterns 
and by the fact that protein concentration remains constant 
while the size of the nuclear pellet seems to diminish, that 
thioacetamide must be affecting the rate of increase in 
nuclear proteins (by synthesis or by uptake of cytoplasmic 
proteins) or the forces which hold the proteins in the nucleus. 
It is possible that proteins are in the nucleus because of 
sal ts binding to chromo somes. If this is so, then a change 
in the ionic character of the binding 8ites would lead to a 
change in the average charge of moderately extractable proteins, 
and a greater extractability. 
Determination of protein concentration by Laird indicated 
that total protein from aqueously isolated nuclei increase in 
quanti ty. 111hi8 increase seems to be due to protein s:'lnthesis, 
since both nuclear w1d cytoplasmic proteins increase in quan­
ti ty after the fourth day. The initial decrease in cytoplasmic 
constituents and increase in nuclear proteins indicates that 
the synthesis is occurrin,r;; in the nucleus or nucleolus. 
Althou~h . . 1 t' c·an·. be sUI.C!:.t::ested-- as tono deflnlte exp analon 
~ . to ocrour, Laird (1953)110W thioacet::unide causE:~d thiEl syntheEns "
 
~ . .. . , .. . .. ',.., ~e s" in total amount

113.0 de flnl tely shown that tnere lS no Invr a t. 
~----_.-
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of DNA after treatment. The resUlts of this study showed a 
decreased amount of the total fast, moderately fast, and 
l"'od.eratelv slow movin£ nroteins. Thl' S su t th l! ~ - ~ .t' l. . gges s . at thioaceta­
illJ.' de mL<rht be responsible for the product·J.'on of 1 d ~ clarge; parti­
cles which bind to the proteins and consequently slow their 
electrophoretic migration rate. If this is the case, then the 
greatest amount of binding occurs between the sixth and eighth 
days of treatment. This would account for the high amount of 
n slow proteins" which were present by the eighth day of the 
experirnent. It is speculated that this type of ionic attach­
ment also could have significant affect on the nuclear miA. 
A possible method for varifying this occurrence could be by 
separatir~ the same proteins according to their isoelectric 
Doints. This can be done readily with isoelectric focusing 
and wo uld c1 early show the attachment of particles to the 
proteins. Vihen particles would attach, new isoelectric points 
would form, wi th the proteins migrating to new destinations. 
CONCLUSIONS 
This •• -.investlgatlon was , ' r"oeslgTIuQ fo'" s+'ud"i 1"\>1'- .... IJ ~J-''-t, the . 
aqueously isolated proteins of normal and thioacetamide treated 
nUclei of rat livers. 
. , Drotein concentrationsUpon injection of thioacetam1oe, ~ 
were found to remain relatively constant although visual 
. '1 Qr ueil etAd ,~.i ~~f:n~te decrease 1n n~ce_- ~ ~Observation indie ,_ "U C _ bL ~ 
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size. Apparently a greater proportion of nuclear protein is 
extracted from nuclei treated with thioacetamide. 
Electrophoresis showed an initial increase (days zero 
through two) in the quantity of fast, moderately fast, and 
moderately slow proteins and then a rapid decrease of the 
same groups between days six through eight. A possible explana­
tion might be that thioacetamide assisted in the production of 
charged particles which bound to the proteins and consequently 
slowed their migration rates. It is apparent that further 
research should be centered around the time periods between 
days zero and two and days six through eight. 
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